available epidemiologic studies of hip fractures, discuss possible reasons for the variations between studies, and consider the significance of hip fractures within one country (the United States). Hip fractures are defined here as intra-and extracapsular fractures of the femur above the level of the lesser trochanter. Intra-and extracapsular fractures will be distinguished insofar as they were distinguished in the original studies.
EPIDEMIOLOGIC STUDIES
Data on the incidence of hip fractures in the United States are only available from three unpublished ~t u d i e s . '~J~,~~ The Social Security Administration sampled 20% of the aged and disabled Medicare beneficiaries in 1976.2* Projections from this study indicate a total of 13 1,460 hip fractures in the population of age 65 and over in the country as a whole (in this projection, we excluded the category of "late effects"). Because of age restriction in the criteria, it can be assumed that this number is low. The Health Interview Survey, based on household interviews in 1975 and 1976, was not restricted in age range and estimated 210,617 hip fractures in the United States per year.15 A third study, the Hospital Discharge Survey of the National Center for Health Statistics, based utilized for the population, adjusted for growth according to census estimates, as well as parish and tax records. Agespecific incidence rates were recorded at five-year intervals for both males and females. Twenty such rates are reported. In order to compare these rates with the United States' figures, the epidemiologic method of standardization is used ( Table 1 ). An arbitrary standard population must be selected, and in this case it is convenient to select a standard population of 100,000 with the age and sex distribution found in the United state^.'^ The technique, described in detail e l~e w h e r e ,~ involves multiplying the rates from the study, in this case the Malmo study, times the corres- ponding segments of the standard population and summing these 20 products. The resultant fracture rate is age-and sexadjusted; that is, any difference between two standardized (or age-and sex-adjusted) hip fracture rates cannot be attributed to different porportions of the elderly and of women, but must be attributed to some other factor(s). The adjusted annual incidence of hip fractures in Malmo is 69.6 per 100,000, substantially lower than in the United States, but higher than in a number of other studies ( Table 2) . Possible reasons for the differences in the standardized rates from different studies will be considered after a brief look at all of the studies. Levine et al. studied Jerusalem, 1~r a e l . l~ Visitors to the city comprised 50 of the 537 patients with fractures; the visitors were included in the study to compensate for fractures sustained by Jerusalem residents while they were traveling outside the city. The adjusted annual incidence rate for the study was 59.1 per 100,000. The population of Jerusalem included Ashkenazi Jews, born in Europe or the Americas; Sabras, born in Israel; and Sephardic Jews, born in Asia and Africa. There were significant differences in hip fracture rates among these groups, with the highest rate among Ash-kenazi women and the lowest rate among Sabra men. The reason for this variation is not known.
Alhava and Puittinen studied the hip fracture rate in Finland, using National Board of Health statistics on hip fractures and census figures on p~pulation.~ The ageand sex-adjusted hip fracture rate for Finland was 44.0 per 100,000.
Knowelden et al. studied Dundee, Scotland, and Oxford, England, identifying fractures from the records of those hospitals which treated trauma in those cities and using appropriate census figures. l 1 Hospital patients whose addresses were outside the city limits were excluded from the study. Only patients 35 years and older were considered. The combined data from these two cities yielded an adjusted hip fracture incidence rate of 42.8 per 100,000. This study was one of only three studies which distinguished femoral neck fractures from intertrochanteric fractures. In this study, 37% of the fractures were femoral neck fractures, as compared with 30% femorai neck fractures in Jerusalem and 61% in Malmo. These figures certainly do not suggest any constant ratio of femoral neck fractures to all hip fractures.
Chalmers and Ho studied Hong Kong,
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in which 97% of the population is C h i n e~e .~ The adjusted hip fracture rate per 100,000 was 31.5. This figure may be an underestimation, since only three of the hospitals within Hong Kong were studied. However, these three hospitals treated most of the trauma cases in the area, and a survey of the remaining hospitals indicated that 95% of the hip fractures had been identified. Wong studied the city of Singapore, Malaysia, in which the population is 75% C h i n e~e .~~,~~ The adjusted hip fracture rate was 20.3 per 100,000.
Solomon studied the black townships near Johannesburg, South
The age-and sex-adjusted hip fracture incidence rate was 5.6 per 100,000. The hip fractures were identified through hospital records. The validity of this approach was confirmed by a small, direct survey of the population which confirmed that all patients in these townships who had hip fractures did in fact seek medical attention. The population of the black townships was defined from census figures, which were estimated to be 10% below the actual census. The investigators reported that because data on the ages of the patients in this survey were not entirely accurate, the age-specific rates are also estimates. Solomon considered these sources of uncertainty in his study, and concluded that the estimated incidence rate was most likely to be high.
The studies summarized above, plus two smaller, less thorough studies of Malmo and one of D~n d e e ,~,~~~~~ document a predominance of the elderly and of women ( Table 2 ). The age-specific rates for each sex (which are shown in the tables only for the Malmo study) rise by an average factor of 1.5 to 2.0 every five years. The rate for women 80 years of age reaches 1% per year in the three northern European studies. The average age of patients with hip fractures is the late 70's for women and the early 70's for men, with lower values for the studies from the Far East and from South Africa ( Table 2 ). It should be noted that these average ages were calculated on data applied to a standard United States population and that the United States has more elderly people than the other populations studied. If the original base populations had been used, the averages would be one to seven years lower. Use of the single standard population reduces the variation among the different estimates of average age.
The higher average age of female patients with hip fractures is partly because of the greater longevity of women (Table l) , and partly because relatively fewer middle-aged women suffer hip fractures than do middleaged men (shown in Table 1 for the Malmo study). As will be discussed later, the middle-aged men tend to suffer hip fractures as the result of more severe trauma than in any other group.
Women comprise 70 to 80% of patients with hip fractures in Malmo, Jerusalem, Finland, and the United Kingdom, with lower percentages in the studies from the Far East and from South Africa ( Table 2) .
One of the curious facts to emerge from the epidemiologic studies is the predominance of fractures on the left side. This observation was made by Alffram with respect to intracapsular fractures (54.5% of 1,024 fractures were on the left) and for all hip fractures (53.9% of 1,636). The finding was confirmed by Chalmers and Ho (54% of 1,040).
A COMPARATIVE ANALYSIS OF HIP FRACTURE RATES: SOME RELEVANT VARIABLES
The annual hip fracture rate varies in the eight cities or countries discussed above from a high of 98 or 99 per 100,000 in the United States, to a low of 5.6 per 100,000 in the black townships near Johannesburg, South Africa. These studies were carefully done and while there was some uncertainty in each of the estimates, the uncertainty is not sufficient to explain the discrepancies noted. The explanation for the discrepan-cies must lie in differences between the populations studied. An obvious difference is race, with the lowest rate among the only black population studied. Other possible factors include climate and degree of industrialization.
The lowest hip fracture rate was found in the black townships near Johannesburg, South Africa. However, this population may have differed from the others not only in race, but also in such factors as exposure to sunlight, diet, and level of physical activity. Other studies exist in which environmental factors were better controlled. Bollet ef al. compared fracture rates between black and white populations in Charlottesville, Virginia.5 Environmental factors could be expected to be less variable within this single community than in the cross-cultural studies described above. The rates were age-adjusted to correct for the greater number of elderly whites. Within Charlottesville, the age-adjusted rate for whites was about twice as high as that for blacks. Niemann and Mankin, in a study of a county hospital in Pittsburgh, Pennsylvania, found a predominance of whites among the patients with hip fractures, although the population served was predominantly black. 18, 19 Engh and associates studied Virginia mental institutions in order to compare black and white populations under the same environmental factors.8 Because of their interest in osteoporosis, they excluded pathologic fractures, fractures caused by significant trauma, and fractures in individuals younger than 45 years of age. The annual rate per 1,000 white women more than 45 years of age was 24.4 versus 6.3 in black women and 12.2 in white men versus 2.7 in black men. Thus, the suggestion of the influence of race on fracture rates is confirmed, with a higher rate in white than in black populations.
Since the lower rates of fractures occurred within the studies in tropical cities and the higher rates occurred in Northern European cities, it is tempting to conclude that climate influences the fracture rate. There is a rough, positive correlation (R = 0.63) between latitude and hip fracture rate with Jerusalem and Johannesburg as notable exceptions ( Table 3) . Given the nature of the many uncontrolled variables in these studies, caution must be used in interpreting this correlation. Another variable factor among the cities and countries studied was the degree of industrialization. It is reasonable to assume that individuals in the less developed cities and countries walked more. A rough index of this is the number of motor vehicles in use per capita. This ranges from a high of 0.629 in the United States to a low of 0.038 in Hong Kong ( Table 4 ). An approximate correlation between motor vehicles in use and the fracture rate is demonstrated (R = 0.94), but again, the evidence must be interpreted cautiously because of the other uncontrolled variables.
Common to all the studies is the predominance of hip fractures among the elderly and, in most of the studies, among women. This suggests a correlation between hip fractures and senile osteoporosis, which begins at a younger age in women and pro- gresses more rapidly in women than in men, according to Newton-John and Morgan." Stevens er al. studied this relationship, using radiologic and histologic documentation of The radiologic indices were based on cortical width of metacarpals and femoral shafts and on the central loss of height in vertebrae. Radiologic evidence of osteoporosis was found in 82% of 80 patients with intertrochanteric fractures, 71% of 75 patients with femoral neck fractures, and 43% of 143 patients with back pain, who constituted the control series. In the same study, biopsy specimens of bones were compared with a standard series of photographs of the histology of osteoporosis. Histologic evidence of osteoporosis was found in 47% of 70 intertrochanteric fractures, 33% of 60 femoral neck fractures, and 30% of 128 controls. Thus, a correlation between osteoporosis and hip fractures was evident, and the correlation was slightly stronger for intertrochanteric than for femoral neck fractures.
Pogrund and co-workersZ1 diagnosed osteoporosis on the basis of lateral X-rays of the spine, using criteria which were slightly different from those used in the study by Stevens er al. In the patients with hip fractures, osteoporosis was found in 32% of 389 subjects as compared with 8.6% osteoporosis among 3,535 control subjects. Among the patients with definite osteoporosis, extracapsular fractures predominated in all age groups. This study supports the conclusions of the Stevens study regarding the correlation between osteoporosis and hip fractures.
A prospective study of the relationship between osteoporosis and fractures was conducted by Iskrant and Smith.s The subjects were 2,088 women 45 years and over. The densities of vertebrae on lateral roentgenograms of the spine were graded on an arbitrary scale from 0 to 3. The patients were then followed for three years. The overall annual fracture rate for women with vertebral density of 3 was 2%. The fracture rate increased to 2.6% with density 2,4.2% with density 1 , and a high of 7% with density 0. Only 16 hip fractures occurred in this series. From the authors' figures, it can be calculated that the annual hip fracture rate for patients without osteoporosis is 0.07% (vertebral densities of grades 3 and 2) and 0.4% with osteoporosis (vertebral densities of grades 1 and 0).
Osteomalacia has also been considered as a possible etiologic factor. Jenkins er af. performed iliac crest biopsies on 59 patients with hip fractures in Cardiff, Wales.'" Of these biopsies, 45 proved adequate. Among the femoral neck fractures, one of 22 showed definite osteomalacia and four showed possible osteomalacia. Among the 23 intertrochanteric fractures, four showed definite osteomalacia and six possible osteomalacia. In a separate study in New Delhi, India, Vaishnava and Rizvi diagnosed osteoporosis caused by Vitamin D deficiency in three of 421 hip fracture patients, using iliac crest biopsies and roentgenographic and biochemical studies. 30 The three cases of osteomalacia were attributed to a dietary deficiency among underprivileged citizens. These two studies confirmed
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October, 1980 that osteomalacia can be found among patients with hip fractures, at least in Wales and India, but neither study included a control group, and the presumed correlation between osteomalacia and hip fracture remains speculative.
A factor which might have varied from study to study is the nature of the accidents which led to the fractures, but the results in the studies of Singapore and Malmo indicate that there was, in fact, little variation.2*31,32 Alffram defined moderate trauma as a fall from a chair, a bed, or the standing position, while severe trauma included falls on stairs, or from a height, or any traffic accident. Moderate trauma predominated in women at all ages, accounting for 87% of 875 fractures. In men, moderate trauma and severe trauma were more nearly equal, with moderate trauma accounting for 52% of 239 fractures. A closer look at the data on men indicated that severe trauma was more common in the younger age groups, accounting for 69% of the 96 fractures occurring in those younger than 70 years of age, and was less common in those older than 70 years of age, accounting for only 32% of 139 fractures. A special group, included in the moderate trauma group, are those who had suffered no trauma. There were 15 such patients; all had femoral neck fractures and accounted for 2.1% of all observed femoral neck fractures. Eight had received radiotherapy and three had other predisposing conditions. Four had no known coexisting disease.
Wong, in the study of Singapore, examined the type of trauma leading to fractures in those older than 50 years of age. 31 In the women, 87% of 292 fractures resulted from moderate trauma, which is exactly the percentage observed in the Malmo study. Among the men, 67% of the fractures resulted from moderate trauma, with the percentage of severe trauma falling from 43% in the sixth decade to 18% in the ninth decade.
Knowelden et al., in the study of Dundee and Oxford, used a different classification scheme, which distinguished falls from traffic accidents." Among the women, there were no traffic accidents, while among the men, two of the 15 fractures with known cause resulted from traffic accidents. Leitch et al. found only moderate trauma among institutionalized patients in seven London area mental hospitals.12 Of 216 patients with fractures of known cause, 137 fell while walking, 69 fell from a bed, chair or lavatory seat, five suffered a fracture during a convulsive seizure, and five suffered fracture during electroconvulsive therapy.
The seasonal variation in fracture rate was examined by Stewart in the general population of Dundee, Scotland.25 Of 190 fractures, 37% occurred during the three winter months, while 15% occurred during the three summer months. The spring (21%) and the fall (27%) were intermediate. Ice, snow, strong winds, and the incumbrances caused by heavy clothing may have contributed to the increased rate during the winter. Tambakis and Weinsaft examined the seasonal variation in an institutionalized population in Brooklyn. 26 The fractures were relatively evenly distributed through the fall (24%), winter (21%), and spring (24%), but a significant increase occurred during the summer months (31%). It was noted that fractures tended to occur at night or early in the morning when the patients left their beds to void. The increase in the fracture rate during the summer was attributed to increased fluid intake. This population was presumably protected from the adverse effects of the winter weather. A final note may be made of the significance of hip fractures to the individual. The epidemiologic studies which have been reviewed are cross-sectional, in that a population is studied in a single year or at most, for a few years. From these data, we have done the following analysis which simulates a longitudinal study. Age-and sex-specific incidence rates were taken from the study by Alffram. These rates 'are relatively high but are lower than the rates in the United States. Mortality for 1976 was taken from the Statistical Abstracts of the United States. 27 Using these rates, a group of 100,000 30-year-old subjects was followed through the remainder of their lives, deducting the deaths each year and calculating the number of hip fractures each year. Once a subject in the study had a hip fracture, he or she was deducted from the population and no longer followed. According to this analysis, a white woman 30 years of age has an 8% risk of having at least one hip fracture during her life, and a white man, a 3% risk.
SIGNIFICANCE OF HIP FRACTURE

SUMMARY
A review of the literature on the epidemiology of hip fractures demonstrates the predominance of females. Women comprise 70 to 80% of patients with hip fractures. The average age is generally in the eighth decade. Actual incidence rates vary from one study to another, with lower rates among blacks and apparently lower rates from tropical countries. Osteoporosis is more common among patients with hip fractures than in controls and is somewhat more common in intertrochanteric fractures than in femoral neck fractures. Most hip fractures result from comparatively minor falls, such as falls from a bed, a chair, or from a standing position, especially among the elderly. It is estimated that more than 200,000 hip fractures occur each year in the United States, and that the cost of caring for these patients is more than $750,000,000. Approximately 19% of these patients die as a result of the fracture. This contributes significantly to the total number of accidental deaths, which in turn is the fourth largest category in the list of causes of death in the United States.
